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Experimental Details

General procedures, methods and materials

All solvents were purified by conventional procedures' and distilled prior to use. PTA,> THP,
[Cp'RhCl,],," [Cp RhCL,(PTA)],” [Cp RhCI(PTA),]CI (1Cl),’ [Cp'Rh(H,0),](OTf),,” [Cp IrCI(PTA),]CI
(2C1),” [Cp'RuCI(PTA),].} [Cp RhCI(THP),] and [Cp'RhCI(THP)(PTA)]’ were prepared according to
published methods. Other reagents were purchased from commercial sources in the highest available
purity and used as received. NMR spectra ['H, “F, *'P{'H}] were obtained with a Bruker ARX-400
spectrometer operating at frequencies of 400, 376 and 161 MHz, respectively; 'H NMR signals were
referenced to external TMS, those of "°F to CFCl, and those of *'P{'H} to 85% H,PO,. Microanalyses
were carried out with a Fisons EA-1108 elemental analyser. pH measurements were carried out with a
Crison GLP 21+ pH-meter equipped with a pHR-146 micro-combination pH electrode specifically
designed for measuring micro samples in the range of 0-12. Buffer solutions of pH 4.01, 7.00, and 9.21
were utilised for calibration. The value of pD has been obtained subtracting 0.44 from the measured

values.'”



Synthesis of [Cp*RhCI(PTA),]PF, (1PF). 95 mg of NBu,PF, (0.24 mmol) in warm methanol (5
mL) were added to a solution of 1Cl (100 mg, 0.16 mmol) in boiling methanol (10 mL). The system
was cooled and the product was obtained as a microcrystalline orange-yellow powder, which was
washed with MeOH (5 mL) and Et,O (10 mL). Yield: 92%. Anal. Calcd for C,,H,,N,CIP,F.Rh: C,

36.06; H,5.36; N, 11.47. Found: C, 36.12; H, 5.39; N, 11.52.

Synthesis of [Cp*RhCI(PTA),]JOTf, (10Tf). 32 mg of NaOTf (0.18 mmol) in warm methanol (5
mL) were added to a solution of 1CI (100 mg, 0.16 mmol) in boiling methanol (10 mL). After the
cooling of the system, Et,O was slowly added, and a yellow product precipitated. This solid was
redissolved in CH,Cl,, filtered through Celite to remove NaCl and the excess of NaOTT, and precipitated
with Et,0O (15 mL). Yield: 85%. Anal. Calcd for C,;H;,N.CIP,O,SF,Rh: C, 37.49; H, 5.33; N, 11.40.

Found: C, 37.52; H, 5.38; N, 11.49.

Synthesis of [Cp*RhCI(PTA),]BF,, (1BF,). 36 mg of NaBF, (0.32 mmol) in boiling methanol (5
mL) were added to a solution of 1Cl (100 mg, 0.16 mmol) in boiling methanol (10 mL). The system
was cooled and the product was obtained as a micro-crystalline orange-yellow powder, which was
washed with MeOH (5 mL) and Et,O (10 mL). Yield: 94%. Anal. Calcd for C,,H;,N,BCIP,F,Rh: C,

39.16; H, 5.83; N, 12.46. Found: C, 39.12; H, 5.88; N, 12.53.

Synthesis of [Cp*RhCI(PTA),]I, (1I). 24 mg of Nal (0.16 mmol) in warm methanol (5 mL) were
added to a solution of 1CI (100 mg, 0.16 mmol) in boiling methanol (10 mL). The system was cooled
and the product was obtained as an orange-yellow solid, which was redissolved in CH,Cl,, filtered
through Celite to remove the NaCl and finally precipitated with Et,0 (10 mL). Yield: 86%. Anal. Calcd

for C,,H,,N,CIP,IRh: C, 36.97; H, 5.50; N, 11.76. Found: C, 37.01; H, 5.56; N, 11.84.



Synthesis of [Cp*Rh (PTA),](OTf),, (30Tf). To a solution of [Cp'Rh(H,0),]JOTf (100 mg,
0.17mmol) in degassed H,O (15 mL), PTA (80 mg, 0.51 mmol) was added and the mixture was stirred
for 3 h at room temperature. The yellow solution obtained was concentrated under vacuum to give a

yellow solid that was washed with Et,O (15 mL). Yield: 95.0%. Anal. Calc. for C,,H5,N,P;O,SF;Rh: C,

40.57; H, 5.99; N, 14.68. Found: C, 40.53; H, 5. 92; N, 14.72 %. 'H NMR (D,0): 8 2.17 (q, “Jyp = 3.48
Hz, CpCH,, 15H), 4.47 (br, PCH,N, 18H), 4.60—4.86 (m, NCH,N, 18H) ppm. 31P{1H} NMR (D,0): &

—43.50 (d, Jpgy = 120.8 Hz) ppm.
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Figure S1. Eyring plot for 1PF,. The straight red line is the best linear fit, In k/T — In ky/h = (-6 £ 2) -

(10200 + 600)/T, r* = 0.980.
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Figure S2. Eyring plot for 1Cl. The straight red line is the best linear fit, In k — In ky/h = (-6 £ 4) -
(11000 + 1000)/T, r* = 0.945.
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Figure S3. Eyring plot for 40Tf. The straight red line is the best linear fit, In k — In ky/h = (-2 £ 4) -

(12000 + 1000)/T, r* = 0.941.

H/D exchange kinetic measurements for 11. The '"H NMR spectrum of 1I in D,O initially shows two

different Cp” signals (see Figure S4.), integrating for 15 protons. The intensity of one Cp" resonance
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increases up to a plateau while the other disappears with time (Figure S4). This suggests that 11
undergoes two independent reactions: H/D exchange and irreversible coordination of I' to the metal
centre, affording [Cp Rh(I)(PTA),]Cl. The latter does not undergo H/D exchange, probably because the
dissociation of Rh-I bond occurs more difficultly. Both the processes were considered to extract the rate

of H/D exchange of 11.

[Cp*Rh(I)(PTA),ICI

1

Figure S4. A stack plot of a series of 'H spectra for 1I (T = 343 K, C = 5 mM), showing the

deuteration of the Cp" in 11 and the simultaneous formation of [Cp Rh(I)(PTA),]Cl.
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Figure S5. Plot of the I/(I, + I’y) ratio (I = intensity of the Cp* signal, I, and I,” = intensity of the Cp"
signal at time = 0) vs. time, relative to Figure S4. The black squares refer to the intensity of the signal
relative to [Cp'Rh(I)(PTA),]Cl, the red circles to the intensity of the 1I signal. The black best fit is a

monoexponential equation: I/, = (-0.485 £ 0.006)*exp[-(45 = 1)*¥10™**t] + (0.764 £ 0.001), r* = 0.9976.
The red best fit is a biexponential decay: I/, = (0.045 = 0.009)*exp[-(43 *+ 2)*10**t] + (0.61 *

0.03)*exp[-(4.3 £ 0.2)*10™*t] + (0.06 £ 0.01), " = 0.9998.

Particularly, kinetics of [Cp"Rh(I)(PTA),]CI formation were obtained by fitting the Cp" intensity with
a monoexponential equation (k, = 45 *10™* s™"). On the contrary, fitting the decrease of the Cp~ signal
intensity of 11 with a biexponential equation afforded the kinetic parameters for both the H/D exchange
(k, = 43 *¥10™* s') and the irreversible formation of [Cp Rh(I)(PTA),]Cl (k, = 4.3¥10* s™"). Coherently,

k, obtained by the two methods are equal within the experimental error.

Computational Details. Calculations were performed with the Gaussian03 software package'' at
the DFT/B3LYP level. Core electrons of rhodium were described using the LANL2DZ pseudo potential
and their valence electrons were expressed through a LANL2DZ basis set.'” All the remaining atoms
were described with a 6-31g* basis set. Solvent effects were introduced by means of the Polarizable
Continuum Model (PCM)," using standard UFF solvation spheres. The free energies of solvation were
computed in water (¢ = 78.2), starting from the gas-phase optimized geometries. For the transition state
analytical frequencies were calculated, in order to check that only one imaginary value is obtained.

Coordinates. Optimised geometries (xyz coordinates plus related absolute internal and Gibbs
energies, in the gas-phase and in water).

E(gas): gas phase internal energy
E(PCM): gas phase internal energy + contribution of the Gibbs energy of solvation coming from the
continuum model

G(gas): gas phase Gibbs energy, obtained adding zero-point, thermal and entropy corrections to the
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internal energy
Gwater = G(gas) + [E(PCM)-E(gas)]: gas phase Gibbs energy + contribution of the Gibbs energy of

solvation coming from the continuum model.
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1.002 -0.239
-1.000 1.822
-1.895 1.287
-0.433 1.134
-1.346 2.654
-1.193 4.694
-2.072 4.703
-1.564 4.613

-0.697 5.664

-0.290 2.044 4.432

1.608

1.090

3.114

4.138 2.229

5.671 3.330

5.047 1.357

2.308 7.297
1.667 6.309
-0.029 6.833
0.322 4492
-1.139 0.515
0.044 3.002
-1.958 2.956
-3.300 1.674

-2.370 3.810

1.943

-0.182

1.470

0.795

5.294

6.063

4.003

5.643

6.268
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T & L &L &L &L & £ L I &L &L & L TL T &L L @=®™ T Z2 Z z Z Z QO

-1.654 1.655

1.003 6.903

0.356 5.896

2719 6.365

-2.848 3.009

-2.162 0.954

0.113 5.459

1.822 5.781

-0.986 6.526

-0.143 7.831

2202 8.297

3076 7.326

1.965 5.612

1.557 7.304

-0.678 4.225

0.569 3.844

3451 4.428

3930 5.137

-2.457 2.421

-1.738 3.970

-2.008 4.783

-3.142 3.936

-4.097 1.796

-3.686 1.101

-2.437 1.809

-0.799 1.144

7.406

2.543

0.387

0.866

5.179

6.263

3.778

4.136

1.900

1.040

1.516

2.720

-0.968

-0.618

1.150

-0.051

0.524

2.079

3.192

3.659

5.932

7.031

6.379

4.800

8.152

7.852

zZ =z ©®» @m®m O T® O ¥ @™ O T T T T T

-1.608 -0.111 4.531

-0.371 -0.074 5.799

0.857 2.495

0.375 4.016

1.940 4.811

2.595 42812

3.268 5.504

0.784 4.263

0.446 4.691

0.156 5.600

2.818 2.575

2.891 3.432

3.656 2.064

-1.162 3.092

-0.852 3.638

Chloride

6.583

5.835

7.554

6.819

6.944

9.631

8.819

9.040

5.344

5.850

5.297

6.982

7.812

E(gas) = -460.248702 ha

E (PCM) = -460.373669 ha

G(gas) = -460.263705 ha

G

water

=-460.388701 ha
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